This study aimed to evaluate if short-term high energy dietary has any 29 stimulatory effects on liver function and metabolic status in sheep. The experiment 30 was carried out using 30 Dorset×Han crossbred ewes (age, 9 ± 0.6 months; weight, 31 36.58 ± 2.56kg) allocated into two treatments, the control group (DE 11.72 MJ/d; DP 32 79.71 g/d) and the high energy group (DE18.75 MJ/d; DP 108.44 g/d), respectively. 33 Experiment lasted 20 days, including 10 d for adaption. Blood samples of these ewes 34 were collected to detect the concentrations of glucose, insulin, leptin, and cholesterol, 35 respectively. Then, animals were sacrificed and optimal liver samples subjected to 36 explore the genome-wide transcriptome analysis. Results showed that the weight gain 37 was significantly increased in the high energy group, compared with those in the 38 control group (p< 0.01). The concentrations of glucose, insulin, leptin, and cholesterol 39 were also influenced by short-term nutritional supplementation at different levels. 40 Subsequently, 622 differentially expressed genes were identified by pairwise 41 comparison. Of these, 271 genes were down regulated while 351 genes were up 42 regulated. qRT-PCR analysis of 10 randomly selected genes were consistent with the 43 sequencing results. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 44 Genomes (KEGG) pathways revealed 12 DEGs (including PDK4, ABCA9, 45 ALDH6A1, SLC45A3, G0S2, PPARGC1, GHRHR, GHR, DGKI, SOCS2, LPIN1 and 46 CSKMT) were significantly enriched in cellular carbohydrate catabolic and metabolic 47 process, phosphorelay sensor and phosphotransferase kinase activity, generation of 48 precursor metabolites and energy, lipid metabolic and transport process, positive 3 49 regulation of cellular metabolic process, acyl-CoA desaturase activity and 50 monosaccharide metabolic process. Additionally, we concluded an interaction 51 network related to energy metabolism, which might be contributed to elucidate the 52 precise molecular mechanisms of related genes associated with energy metabolism in 53 the liver tissues of sheep.
Body growth and Tissue glycogen 116 To evaluate the effect of high energy diet on body growth, the body and liver 117 weights were determined. Meanwhile, tissue glycogen content was measured by 118 colorimetric assay using the Glycogen Assay Kit (Sigma Chemical Co., USA) 119 according to the manufactor's instructions. 120 Glucose, insulin, leptin and cholesterol measurement 121 The blood samples of these animals during each period were analyzed for 122 glucose (enzymatic colorimetric method using glucose oxidase kit; using the 2−ΔΔCt method. Finally, the correlations between RNA-Seq for 10 genes 185 and the mRNA expression level from qRT-PCR were estimated using R (V3.2).
186

RESULTS
187
Effect of energy level on body and liver weights 188
To evaluate the effect of energy level on body growth, the body and liver 189 weights were determined, respectively. As shown in Table 2 , the item of weight gain 190 was significantly increased in the high energy group, compared with those in the 191 control group (p< 0.01). However, liver weights showed no significant difference 192 between the high energy group and the control group (p> 0.05), which showed that 193 diet had no effect on liver weight.
194
Hormone chemical analysis 195 The concentrations of glucose, insulin, leptin, and cholesterol were influenced by 196 short-term nutritional supplementation at different levels. Also, the highly significant Furthermore, the correlation coefficient (R 2 ) between the six individuals was 228 calculated based on the FRPM value of each sample and was shown to be 0.823
229
-0.956, indicating that the similarity of the three biological samples within each group 230 was sufficiently high (S2 file).
231
The identification of DEGs related to energy metabolism 232 Using the RPKM method, the differential gene expression profile between the 233 control group and the high energy group was examined. In total, 622 genes were 234 detected significantly different between the comparison groups. Of these, 271 genes (Table 6 ).
261
Five KEGG pathways related with glucolipid metabolism were significantly 262 enriched (P < 0.05), including PPAR signaling pathway (oas03320), AMPK signaling 263 pathway (oas04152), glycerophospholipid (oas00564) and glycerolipid metabolism 264 (oas00561) and Insulin signaling pathway (oas04910). As expected, the well-known 265 AMPK signaling pathway (S4 file) and PPAR signaling pathway (S5 file) were found.
266
It is easy to believe that these pathways may be the points for the interaction. Taken Compared with the does that were not supplemented with maize, mean 292 concentrations of glucose， insulin, and leptin were significantly greater in does 293 supplemented with maize in the present study. This result agrees with some previous 294 studies [19-20], which may be due to diet containing high energy that increased 295 hepatic gluconeogenesis in the rumen. Initially the concentration of glucose rose to a 296 high level that stimulated the secretion of insulin, which showed that the ewes were 297 able to cope with the increasing glucose concentration. Additionally, the highly 298 significant correlation between leptin concentrations and glucose concentrations was showed that the expression of PGC-1α in the liver was promoted under the condition 
